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GAPLESS SPLICING OF PITCH ALTEREI) 
WAVEFORMS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is related to pending application Ser. 
No. 179,180, ?led Aug. 18, 1980, entitled TIME COM 
PRESSION/EXPANSION WITH SYNCHRO 
NIZED INDIVIDUAL PITCH CORRECTION OF 
SEPARATE COMPONENTS. 

BACKGROUND OF THE INVENTION 

This invention relates to pitch alteration by periodic 
variation of delay for the signal whose frequency is to 
be changed of the type disclosed in Schiffman US. Pat. 
No. 3,786,195, and related prior art patents hereinafter 
disclosed. This prior art relates primarily to so-called 
speech compression or expansion but is applicable to all 
waveforms particularly audio program material. By the 
nature of the periodic delay processing provided: by 
these prior art systems the presence of a gap'in -the 
contiguous signal segments which have been pitch cor 
rected introduces noise artifacts which in the past have 
been suppressed by various means. Although entirely 
satisfactory pitch corrected reproduction has been ob 
tained in these prior art systems for normal usage, it has 
not been possible to suppress entirely splicing disconti 
nuities. Thus despite the high quality reproduction prior 
art systems of this type provide, the trained ear can still 
detect certain anomalies which it would be desirable to 
eliminate. ' 

SUMMARY OF PRESENT INVENTION 

The present invention is directed to an arrangement 
which provides essentially gapless splicing with conti 
nuity of signal content during periodic processing of 
delay for pitch change such that the resulting waveform 
is free of perceptable artifacts under almost all circum 
stances. This performance is achieved by a system 
which utilizes dual delay channels to have available a 
continuation of the existing signal content in pitch al 
tered form with means for making the transition be 
tween the delay media at signal amplitude and sign 
correspondence. The system can be further enhanced 
by subdividing the signal channel into contiguous fre 
quency bands such that the splicing takes place within 
restricted band channels making matching points easier 
to ?nd. 

DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings, FIGS. 1, 2, 3, 4 and 
5 assembled as indicated in FIG. 6, show the overall 
system of the invention for audio signal processing with 
a single band channel. 
FIG. 1 shows the input portion of the system with 

guard ?lters and noise reduction compressor for condi 
tioning audio signals for pitch correction. 
FIG. 2 is a block diagram of a pair of pitch shifters 

which are operated under control of the system and an 
inhibit control. 
FIG. 3 is a slope amplitude wave-matching system 

for the signals received from the pitch shifters of FIG. 
2. 
FIG. 4 is a block diagram of the output system for 

noise reduction and signal conditioning complementary 
to the input section of FIG. 1. 
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2 
FIG. 5 is a block diagram of a sequencer system and 

triangle control section for controlling the systems of 
FIGS. 2 and 3. ' 
FIG. 6 shows how FIGS. 1-5 are arranged to repre~ 

sent a complete system. 
FIG. 7 shows waveform timing diagrams useful in 

explaining the operation and control of the system. 
FIG. 8 is a waveform diagram showing the timing 

and control for splicing two audio waves in accordance 
with the invention. 
FIGS. 9 and 10 show a modi?cation in which the 

pitch shifted signals are spliced and ?ltered in a plurality 
of frequency bands before being recombined to supply 
the composite audio signal to FIG. 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 1, the input section is shown 
as comprising an input conditioner 11 adapted to re 
ceive the balanced input signal from any conventional 
audio signal source which signal is converted to unbal 
anced with respect to ground for processing through 
the disclosed system. The conditioner 11 also includes 
an input guard ?lter which typically limits the audio 
signal to a band from 20 Hz to 20 kHz. 
The unbalanced audio signal within the frequency 

range of 20 Hz to 20 kHz is applied to the compressor 
portion 12 of a compander for noise reduction in accor 
dance with conventional practice. The signal from com 
pressor 12 is applied to a pre-emphasis high frequency 
shelf 13 which provides gain emphasis for the higher 
frequency components above 1.5 kHz. The conditioned 
audio signal from pre-emphasis 13 is applied to a phase 
splitter 14, the output of ‘which is two pair of phase 
opposed versions of the audio signal for application to 
the pitch shifter delay means employed herein, as will 
be described. ' 

Referring to FIG. 2, the pitch shifters employed in 
the present invention may comprise matched pairs of 
bucket brigade analog shift registers in a ?rst pitch 
shifter 21 and a second pitch shifter 22. Pitch shifter 21 
receives phase opposed audio input signals on lines 23 
while pitch shifter 22 receives phase opposed audio 
signals on line 24. Pitch shifter 21 receives a triangular 
control signal at line 25 and pitch shifter 22 receives a 
phase opposed triangular control signal on line 26. The 
pitch shifters 21 and 22 each contain ramp voltage-to 
pulse period conversion circuits and a pair of bucket 
brigade shift registers to provide the variable delay 
required for pitch modi?cation. Details of these tech 
niques are disclosed, for example, in the patent to 
Schiffman US. Pat. No. 3,840,814, which shows volt 
age ramp-to-pulse period conversion and in the patents 
to Schiffman U.S. Pat. Nos. 3,828,361 and 3,906,384 
which show signal processing through bucket brigade 
shift registers with phase inverted inputs for cancella 
tion of processing noise and distortion. 
The relation among the parameters for a typical ex 

ample could be obtained from the following relations: 

SAMPLE CALCULATION 

C = SPEED Up: C = l NORMAL SPEED: let C = 1.2 
N = Number of buckets in BBD: N = 4096 
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-continued 
SAMPLE CALCULATION 

?nin : lowest clock frequency:fmin = 95.6kljlz 
?nax = highest clock frequency:?nax = 748.4kHz 

l 4_ . _ C 

Ts _ segment t1me - 2(c __ 1) 

TS _ 1.2 + 1 1 _ 1 . 40% 

— 2(l.2 -- l) 95.6kHz 748.4kHz 2 

T: = l03msec 

Since: Tr = Ta’ + Tc 

C+l 

Td __ 1.2 + l l _ l 4096 
_ (2) .2) 95.6kHz 748.4kI-Iz 2 

Td = l7.2msec 

Hence the “keep" sample is: 

Clock pulses representing the clocking of the respec 
tive shift registers in pitch shifters 21 and 22 are avail 
able on output lines 27 and 28, while the pitch shifted 
audio output signals appear at lines 29 and 30 respec 
tively. Each of the pitch shifters 21 and 22 has a set of 
segment time control inputs 20 which are coordinated 
with the rate of change of pulse period to optimize the 
parameters of the pitch correction processing with the 
audio message content. 
The audio waveforms on lines 29 and 30 are com 

pared as to slope direction and amplitude in the circuit 
of FIG. 3 for the purpose of detecting and implement 
ing wave matching before these audio signals are 
spliced at a selected point where their amplitudes are 
equal and their slopes are of the same sign. For this 
purpose, slope direction is determined for each audio 
signal by a pair of differentiators 31, 32, which apply the 
differentiated audio signals to same polarity inputs of 
comparators 33, 34. The other inputs of comparators 33, 
34, are at the same reference voltage VR. The outputs E 
and F of comparators 33, 34 are applied as inputs to an 
exclusive OR 35 which produces a transition output G 
any time the outputs of comparators 33, 34, change to 
be the same. A D-flip-flop 36 receives on its D input the 
output of exclusive OR 35. 
Amplitude comparison is obtained by applying the 

audio inputs from lines 29 and 30 to the opposite polar 
ity inputs of an amplitude comparator 37. Whenever the 
two inputs to comparator 37 are equal in amplitude an 
output transition A occurs on line 38. The positive and 
negative transitions on line 38 are converted into posi 
tive transitions D on line 39 for each such transition by 
means of the circuit shown which comprises an inverter 
41, a delay circuit 42 and an inverter 43. The output 
from inverter 43 and the signal on line 38 are applied to 
exclusive OR 44 which produces an output wave D 
(FIG. 8) which represents each transition on line 38 but 
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4 
converted on line 39 to be a low to high transition 
which is applied to the clock input of D-flip'?op 36. 
The D-?ip-?op 36 with its data and clock input sig 

nals now is conditioned with amplitude equality and 
slope direction equality which will cause a transition at 
line H from theQ output signifying a match point be 
tween the audio signals on lines 29 and 30. This transi 
tion is used to _control a splicing switcher 45 controlled 
by the Q and Q outputs of a D-flip-flop 46 operated by 
a number of control signals to be subsequently de 
scribed. For this purpose the wave H on Q of FF36 is 
applied to the clock input of the second D-flip-flop 46 
through an OR 47. The Q and Q outputs of D-ilip-flop 
46 are applied to switch 45 to connect either one, but 
not both, of the audio signals on lines 29 and 30 to out 
put terminal 48. The timing and control function for this 
switching will be described hereinafter in relation to the 
control of the dual pitch correction devices, particu 
larly with reference to the waveforms of FIG. 8. 
The spliced audio output signal on terminal 48 is 

applied to the noise reduction and signal conditioning 
output circuitry of FIG. 4 which includes a de-emphasis 
low frequency shelf 51 and then to expandor 52. These 
units are the complementary corresponding units to the 
compressor 12 and pre-emphasis high frequency shlef 
13 of FIG. 1. The output of expander 52 is ampli?ed in 
ampli?er unit 53 and converted to a balanced signal in 
the unbalanced to balanced converter 54 which pro 
vides to any output device a balanced output signal 
consisting of the spliced, pitch corrected signal free of 
splicing noise in accordance with the invention. 
The sequencer system and triangle control section are 

shown in FIG. 5 and will be described with reference to 
the waveforms of FIG. 7. 
A triangular wave generator 61 has a pitch control 

input 62 which varies the slope of the triangular waves 
generated to select the pitch change in accordance with 
the previously cited Schiffman patents. A segment time 
selector 63 is also provided to provide different segment 
times for a given pitch control setting to tailor the keep 
and discard intervals for best performance. For exam 
ple, going from #1 to #4 will increase keep and discard 
segments. 
The output of triangular wave generator 61 is a tri 

angular waveform on line 64. A squarewave synchro 
nous therewith having low and high levels correspond 
ing to the positive and negative slopes of the‘triangular 
wave on line 64 appears on line 65 and is referred to as 
the apex line since its transitions correspond to the high 
and low apex instants on the triangular wave. Also 
provided as an output on line 66 are start pulses gener 
ated at each apex or transition of the apex line. 
The apex line 65 is applied in FIG. 3 to provide the D 

input to D-?ip-flop 46. Also, the start line 66 is applied 
to the S inputs of both D~flip-flops 36 and 46 in FIG. 3. 
The triangular waveform on line 64 is used to derive 

the B1 and B2 triangular inputs shown in FIG. 7 which 
are applied respectively to terminals 25 and 26 of the 
pitch shifters shown in FIG. 2. The triangle wave on 
line 64 is connected to ?rst level shifter 71 and, after 
passing through an inverter 72, to a second level shifter 
73. The triangular wave on line 64 and the inversion 
thereof from the output of inverter 72 are applied to a 
switching device 74 which also receives the output of 
the level shifters 71 and 73. By means of the switching 
arrangement shown the B1 and B2 triangle input signals 
for terminals 25 and 26 of the pitch shifters shown in 
FIG. 2 are obtained under the control of apex signal 011 
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line 65 and a ramp release signal on line 75. The apex 
and ramp release signals are used through logic unit 76 
to control switching. From the switch positions shown, 
logic unit 76 controls the B1 output line 25 to switch 
from the line 64 to the output of the level shifter 73 
whenever the apex line switches to low level; the B2 
triangular output signal line 26 switches from the output 
of inverter 72 to the output of level shifter 71 whenever 
the apex line switches through a transition to high level. 
This sequence is shown in FIG. 7 where the B1 triangle 
input wave in compression reaches point 77 which is a 
transition of apex line from high to low and the com 
pression rate is continued at the same pitch variation 
rate for a period of time until a match is found. To 
achieve this operation, switch 74 actually switches from 
line 64 to the compression portion of the B2 triangular 
input wave which has passed through level shifter 73 to 
match the amplitude level at point 77 for its initial am 
plitude. At the ramp release point, to be described in 
detail hereinafter, the switching unit 74 reverts to con 
tinue the same compression rate starting at point 78 on 
the compression variation slope of the B2 triangular 
input waveform. Of course, at the end of the B2 triangu 
lar input compression waveform a similar process oc 
curs to obtain a match point for switching from the B2 
audio back to the B1 audio. 
The timing for this transition is obtained by a counter 

81 shown in FIG. 2. Counter 81 is conditioned by an 
apex line transition to start counting the count the 
pulses on either the B1 or B2 clocks for 2048 counts. 
For the BBD’s used in the pitch shifters 21 and 22, 2048 
is the number of counts required to empty the contents 
in the BBD existing at transition and to ?ll the other 
pitch shifter BBD with signal subject to the compres~ 
sion rate. When the 2048 count is reached in counter 81 
it produces an inhibit release output on line 82 and an 
energy inhibit output on line 83. 

Inhibit time is de?ned as the interval for counting the 
2048 counts in counter 81. When the inhibit release line 
82 goes low at the end of the 2048 counts it enables the 
R input of the D-?ip~flops 36 and 46 to pass data indi 
cating match if such is found. At the same time the 
inhibit release occurs the energy inhibit goes high to 
enable an energy detector 84 (FIG. 3) to look for en 
ergy in the audio lines B1 and B2 from terminals 29 and 
30. If no energy is available, meaning no signal present 
from which a match can be found, the output of energy 
detector 84 is applied to OR 47 to provide a forced 
match signal to the clock input of D-?ip-?op 46. Thus, 
in the event of a pause or other absence of signal, the 
unit will function properly even though no match sig 
nals are available for detection by the circuit of FIG. 3. 
This output of OR 47 from line H or energy detector 84 
is also applied to a ramp release AND 92 to generate the 
ramp release waveform, FIG. 7, thereby reverting the 
switches 74 to the position shown at the instant switch 
45 changes the audio output to the other pitch corrected 
output. 

In the terms of FIGS. 7 and 8, this switching se 
quence can be explained as follows. Pitch corrected 
AUDIO BAND I is passed to output 48 during “com 
pression” of B1 A INPUT until point 77 is reached. At 
LOW APEX the B1 switch 74 switches to the output of 
level shifter 73 which applies the inverted and level 
shifted EXPANSION portion of B1 A INPUT to con 
trol the compression delay while slope and amplitude 
matches are found between B1 and B2 audio output 
(lines 29 and 30). When a match is found (or NO EN 
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6 
ERGY PRESENT is detected) the RAMP RELEASE 
returns the switch 74 to the position shown and switch 
45 interchanges the audio lines (29 and 30) to connect 
the B2 AUDIO BAND II to output line 48. On HIGH 
APEX an analogous process uses the B2 switch 74 to 
continue B2 AUDIO BAND II until a match is found to 
switch to B1 AUDIO BANDI. (Note: In FIG. 8, the 
B1 and B2 audio signals are shown as triangle waves of 
different frequency to conveniently illustrate the 
spliced wave portions in the bottom line. These triangle 
audio signals are not the triangle control waves in FIG. 
7 which are applied on lines 25 and 26 of the pitch 
shifters 21 and 22.) 
The foregoing description describes processing the 

audio signal in its full bandwidth as obtained from the 
input ?lter 11. For optimization of the splicing and 
reduction of intermodulation products an improved 
form of the invention employs band splitting for the 
signals that are applied to the splicer to establish a 
match. For this purpose as shown in FIG. 9, an 8-band ’ 
splicer is shown with each splicer having input and 
output S-pole Butterworth ?lters having their three db 
points and center frequency f() as indicated. Each of 
these bandpass ?lters is designed so that the percent 
bandwidths, i.e., the ratio of the actual passband width 
to f() is in approximately the range of 80% to 90%. 
For example, for the lowest band ?lters in FIG. 9: 

f0: ‘ifl ~12 =415I-lz 

fl = 275m . 
? : GZSHZ 3db points 

BW = 3501-12 

BW 350 
% BW = IOOXfT = 165- X 100 = (80—90)% (approx) 

With this arrangement each band operates on rela 
tively pure tones as compared to the complex waveform 
audio appearing on lines 29 and 30 of FIG. 2 and, ac 
cordingly, the splicing function can be optimized and 
inter-modulation products and other by-products of 
splicing minimized. 
To optimize this signal processing each of the splic 

er’s outputs is applied to a guard ?lter with the same 
passband and center frequency as shown in FIG. 9. 
These ?lters are third order Butterworth highpass and 
lowpass ?lters to provide the passband characteristic. In 
addition to the ?ltering function of the splicers of FIG. 
9 hereinabove described, each of the splicers operates in 
the manner of the splicer shown and described in FIG. 
3 to make an individual splice of the B1 and B2 audio 
waves or at least those portions which pass through the 
passband of the individual splicers. Since for this system 
the splices may not occur simultaneously, the outputs of 
the eight splicers indicated at line 91 in FIG. 3, are each 
applied to an AND circuit 92 in FIG. 5 such that all of 
the splices or forced matches have to occur for the eight 
splicers before a ramp release signal is applied on line 
75. The criteria for the amplitude and sign match in the 
FIG. 3 circuits can be relaxed somewhat in this mode of 
operation because the audio signal in each channel is 
narrow band. 

For expansion the system can operate on the opposite 
slope of the triangular waves B1 and B2 by introducing 
a signal inverter 95 in line 65 as shown in FIG. 5. This 
function, as shown, can be arranged to be switched in or 
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out as needed if compression is changed to expansion or 
vice-versa. For small expansion factors this change is 
satisfactory but for large factors supplemental gap ?ll 
ing as disclosed in the prior art patents hereinbefore 
cited can be added, if desired. 
While the present preferred embodiment has been 

disclosed, it will be clear from the present teaching that 
modi?cations can be made without departing from the 
invention as de?ned in the appended claims. 
We claim: 
1. A time compression/expansion system in which 

the playback speed for a recording is selected such that 
the frequencies of electric signals derived from play 
back of a recorded work are different than their original 
values and said electric signals are processed to change 
their frequency by periodic variable time delay to ob 
tain a desired pitch change comprising: 

dual variable time delay means each operable for 
variably delaying said playback signal in response 
to respective control signals; 

control signal means coupled to supply said control 
signals to said dual delay means for periodically 
varying the time delay in respective said dual delay 
means inversely with alternate increasing the de 
creasing delay; 

switching means operable for alternately selecting 
the output of the delay means having the desired 
pitch change during each period of delay variation; 
and 

transition control means which includes means for 
extending the interval of delay variation of the 
selected delay means to continue said selected 
delay variation beyond the normal periodic switch 
ing point and means for operating said switching 
means during the extended interval after each vari 
ation period in response to detecting a signal level 
and slope match between the present values of the 
just ending and next ensuing pitch corrected signal 
outputs of said dual delay means. 

2. Apparatus according to claim 1 in which said tran 
sition control means includes means for operating said 
switching means a predetermined time after each said 
variation period in the absence of such operation in 
response to detection of a signal level and slope match 
during said predetermined time. 

3. Apparatus according to claim 1 wherein said tran 
sition control means includes means for inhibiting said 
switching means for a predetermined interval after each 
variation period, means for continuing the delay varia 

5 
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45 

tion for said just ending signal output during inhibit of 50 
said switching, and means for ending said inhibit in 
response to detecting said match and switching to the 
output of the other delay means at the instant a match is 
found between said continuing delay variation output 
and said next ensuing pitch corrected signal output. 

4. A time compression/expansion system in which 
the playback speed for a record is selected such that the 
frequencies of electric signals derived from playback of 
a recorded work are different than their original values 
and said electric signals are processed to change their 
frequency by periodic variable time delay to obtain a 
desired pitch change comprising: 

dual analog shift register time delay means each oper 
able for variably delaying said playback signal in 
response to a variable clock control rate signal; 

variable clock rate control signal means coupled to 
said delay means for periodically varying the clock 
rate of each said register inversely to provide oppo 
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site alternate increasing and decreasing delay for 
said electric signals; 

switching means operable for alternately selecting 
the output of the register having the desired pitch 
change during each period of delay variation; and 

transition control means which includes means for 
extending the interval of delay variation of the 
selected delay means to continue said selected 
delay variation beyond the normal periodic switch 
ing point and means for operating said switching 
means during the extended interval after each said 
period in response to detecting a signal level and 
slope match between the present values of the just 
ending and next ensuing pitch corrected signal 
outputs of said dual analog shift register time delay 
means. 

5. Apparatus according to claim 4 in which said tran 
sition ,control means includes means for operating said 
switching means a predetermined time after the end of 
each said period in the absence of such operation in 
response to detection of a signal level and slope match 
during said predetermined time. 

6. Apparatus according to claim 4 said transition 
control means including 

clocking means for said shift registers providing the 
delay analog of phase opposed triangular waves for 
establishing said period and controlling said vari 
able clock rate; 

means for inhibiting operation of said switching 
means attthe end of each said period; 

means responsive to the end of a period for continu 
ing the variation of clock rate of the delay register 
currently used to supply pitch corrected output 
signals while initiating clocking the other delay 
register for the next said period; and 

means responsive to the number of clock pulses 
needed to ?ll said other register with pitch cor 
rected delay signal for ending said inhibit; 

said means responsive to detection of said match 
operating after the end of inhibit for reverting 
clock control of said currently used shift register 
means to its said triangular wave delay analog upon 
operation of said switching means. 

7. Apparatus according to claim 6 and including en 
ergy detecting means for operating said switching 
means after each said period if no signal energy is pres 
ent in said electric signals. 

8. A time compression/expansion system in which 
the playback speed for a record is selected such that the 
frequencies of electric signals derived from playback of 
a recorded work are different than their original values 
and said electric signals are processed to change their 
frequency by periodic variable time delay to obtain a 
desired pitch shift comprising: 

means for deriving said electric signals from said 
recorded work; . 

first and second analog shift register means having 
said electric signals applied to the inputs thereof; 

means for clocking said shift register means to delay 
signals shifted through said register in accordance 
with phase opposed triangular wave delay analogs 
to provide repeated variation periods of opposite 
delay variation in the respective registers; 

means operable for switching the outputs of said 
registers to apply one or the other pitch shifted 
output of said register to an output channel; and 

control means which includes means for extending 
the interval of delay variation of the selected delay 
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means to continue said selected delay variation 
beyond the normal periodic switching point and 
means for operating said switching means during 
the extended interval after each said variation per 
iod in response to detecting a present value signal 
level and slope match between said register outputs 
to select the register output having the desired 
pitch shift to apply to said output channel. 

9. Apparatus according to claim 8 wherein said con 
trol means further includes: 
means for inhibiting operation of said switching 
means at the end of each period; 

means responsive to the end of a period for continu 
ing the variation of clock rate of the delay register 
currently used to supply pitch corrected signals to 
said output channel while initiating clocking the 
other delay register for the next said period; and 

means responsive to the number of clock pulses 
needed to fill said other register with pitch cor 
rected delay signal for ending said inhibit; 

said means responsive to detection of said match 
operating after the end of inhibit for reverting 
clock control of said currently used shift register 
means to its said triangular wave delay analog upon 
operation of said switching means. 

10. Apparatus according to claim 9 and including: 
a plurality of contiguous frequency passband ?lters 

for receiving the pitch corrected outputs of said 
shift registers; 

a plurality of said switching means and associated 
said control means, one for each of said band ?lters 
operable to splice successive segments of pitch 
corrected signal in the respective bands with ampli 
tude and slope match; 

a plurality of output contiguous frequency passband 
?lters coupled to receive the outputs, respectively, 
of said plurality of switching means; and 

summing means for combining the outputs of said 
output ?lters to provide a full band pitch corrected 
signal to said output channel. 

11. Apparatus according to claim 9 or 10 and includ 
ing energy detecting means for operating said switching 
means after each said period if no signal energy is pres 
ent in said electric signals. 

12. A time compression/expansion system in which 
the playback speed for a recording is selected such that 
the frequencies of electric signals derived from play 
back of a recorded work are different than their original 
values and said electric signals are processed to change 
their frequency by periodic variable time delay to ob 
tain a desired pitch change comprising: 

dual variable time delay means each operable for 
variably delaying said playback signal in response 
to respective control signals; 

control signal means coupled to supply said respec 
tive control signals for periodically varying the 
signal time delay in respective said dual delay 
means inversely with alternate increasing and de 
creasing delay; 

switching means operable for alternately selecting 
the output of the delay means having the desired 
pitch change during each period of delay variation; 
and 

means for combining the delayed signals selected by 
said switching means to provide a substantially 
continuous pitch corrected output signal. 

13. A time compression/expansion system in which 
the playback speed for a recording is selected such that 
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10 
the frequencies of electric signals derived from play 
back of a recorded work are different than their original 
values and said electric signals are processed to change 
their frequency by periodic variable time delay to ob 
tain a desired pitch change comprising: 

dual variable time delay means each operable for 
variably delaying said playback signal in response 
to respective control signals; 

control signal means coupled to supply said respec 
tive control signals for periodically varying the 
signal time delay in respective said dual delay 
means inversely with alternate increasing and de 
creasing delay; 

switching means operable for alternately selecting 
the output of the delay means having the desired 
pitch change during each period of delay variation; 

transition control means which includes means for 
extending the interval of delay variation of the 
selected delay means to continue said selected 

' delay variation beyond the normal periodic switch 
ing point and means for operating said switching 
means during the extended interval after each vari 

‘ ation period in response to detecting a signal level 
match between the present values of the just end 
ing and next ensuing pitch corrected signal outputs 
of said dual delay means; and 

means for combining the delayed signals selected by 
said switching means to provide a substantially 
continuous pitch corrected output signal. 

14. Apparatus according to claim 13 in which said 
transition control means includes means for operating 
said switching means a predetermined time after each 
said variation period in absence of such operation in 
response to detection of a signal level match prior to 
said predetermined time. > 

15. A time compression/expansion system in which 
the playback speed for a recording is selected such that 
the frequencies of electric signals derived from play~ 
back of a recorded work are different than their original 
values and said electric signals are processed to change 
their frequency by periodic variable time delay to ob 
tain a desired pitch change comprising: 

dual variable time delay means each operable for 
variably delaying said playback signal in response ' 
to respective control signals; 

control signal means coupled to supply said respec 
tive control signals for periodically varying the 
signal time delay in respective vsaid dual delay 
means inversely with alternate increasing and de 
creasing delay; 

switching means operable for alternately selecting 
the output of the delay means having the desired 
pitch change during each period of delay variation; 

transition control means which includes means for 
extending the interval of delay variation of the 
selected delay means to continue said selected 
delay variation beyond the normal periodic switch 
ing point and means for operating said switching 
means during the extended interval after each vari 
ation period in response to detecting a signal slope 
match between the present values of the just end 
ing and the next ensuing pitch corrected signal 
outputs of said dual delay means; and 

means for combining the delayed signals selected by 
said switching means to provide a substantially 
continuous pitch corrected output signal. 

16. Apparatus according to claim 15 in which said 
transition control means includes means for operating 
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said switching means a predetermined time after each 
said variation period in the absence of such operation in 
response to detection of a signal slope match prior to 
said predetermined time. 

17. A time compression/expansion system in which 
the playback speed for a record is selected such that the 
frequencies of electric signals derived from playback of 
a recorded word are different than their original values 
and said electric signals are processed to change their 
frequency by periodic variable time delay to obtain a 
desired pitch shift comprising: 
means for deriving said electric signals from said 

recorded work; 
?rst and second analog shift register means each hav 

ing said electric signals applied to the inputs 
thereof; 

means for clocking said shift register means to delay 
signals shifted through said register means in accor 
dance with phase opposed triangular wave delay 
analogs to provide repeated variation periods of 20 
opposite delay variation in the respective registers; 

means operable for switching the outputs of said 
registers to apply one or the other pitch shifted 
output of said registers to an output terminal; and 

control means which includes means for extending 
the interval of delay variation of the selected delay 
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12 
means to continue said selected delay variation 
beyond the normal periodic switching point and 
means for operating said switching means during 
the extended interval after each said variation per 
iod to select the register output having the desired 
pitch shift to apply to said output terminal. 

18. Apparatus according to claim 17 and including: 
a plurality of contiguous frequency passband ?lters 

for each said analog shift register means for receiv 
ing the respective pitch corrected outputs of each 
of said shift register means; 

a plurality of said switching means and associated 
said control means, one for each of said band filters 
operable to splice successive segments of pitch 
corrected signal in the respective bands; 

a plurality of output continguous frequency passband 
?lters coupled to receive the outputs, respectively, 
of said plurality of switching means; and 

summing means for combining the outputs of said 
output ?lters to provide a full band pitch corrected 
signal to said output channel. 

19. Apparatus according to claims 17 or 18 and in 
cluding energy detecting means for operating said 
switching means after each said period if no signal en 
ergy is present in said electric signals. 

* * * * II! 


